Abstract. To assess the potential role of interleukin-6 (IL-6) in the pathogenesis of dengue virus infection, levels of this cytokine were measured in children with dengue virus infection on admission to the hospital. As presumed surrogate markers of IL-6, C-reactive protein (CRP) and secretory phospholipase A2 (sPLA2) were measured. Three groups were studied: 33 apparently healthy children as negative controls, 11 children with bacterial infections as positive controls, and 186 children with serologically documented dengue virus infection. One-hundred and fifteen patients had dengue fever (DF) and 71 had dengue hemorrhagic fever (DHF). Compared with healthy controls, dengue shock syndrome (DSS) patients had significantly higher levels of IL-6 on admission (P Ͻ 0.05), comparable with those in positive controls. Dengue patients with shock had significantly higher levels of IL-6 than normotensive patients (P Ͻ 0.001) and higher levels of IL-6 were associated with a higher incidence of ascites. C-reactive protein concentrations in dengue patients and in healthy children were not different, but lower than in children with bacterial infections (P ϭ 0.008). Secretory phospholipase A2 levels were higher in dengue patients than in apparently healthy children (P Յ 0.05) and similar to those in children with bacterial infection. Dengue shock syndrome patients had significantly higher sPLA2 concentrations than normotensive patients (P ϭ 0.02). These data indicate that IL-6 and sPLA2 may have a pathogenetic role only in the most severe forms of dengue virus infection.
INTRODUCTION
Dengue is an acute febrile disease resulting from an infection by dengue virus, a member of the family of Flaviridae. Four antigenically distinct subtypes of these RNA-viruses are designated as dengue types 1-4. Transmission involves ingestion of viremic blood by mosquitoes and subsequent passage to a susceptible human host, the principal vector being Aedes aegypti. 1 Dengue virus infections can manifest as dengue fever (DF), an uncomplicated febrile illness, or dengue hemorrhagic fever/dengue shock syndrome (DHF/DSS), the severe form. [2] [3] [4] [5] The essential pathophysiologic features in DHF are increased permeability and abnormal hemostasis, including thrombocytopenia. The severity of DHF is graded according to World Health Organization (WHO) criteria: 6 grade I: fever, accompanied by non-specific constitutional symptoms, and a positive tourniquet test as the only hemorrhagic manifestation; grade II: grade I plus spontaneous bleeding; grade III: circulatory failure manifested by cold and clammy skin, restlessness, rapid and weak pulse, narrowing of pulse pressure, and hypotension; and grade IV: deep shock with undetectable pulse and blood pressure. 3 In DHF, fluid accumulation in body cavities, thrombocytopenia, and coagulopathy frequently occur. However, the mechanisms by which these pathophysiological changes occur is incompletely understood. 7, 8 Some evidence suggests an abnormal immune response and a disturbance in immune regulation as the basis of the pathogenesis. 9 The lack of pathological findings in major organs in most cases of fatal DHF/ DSS and rapid recovery of those who survive the critical period, suggest that physiologic dysfunction is secondary to the action of soluble mediators as these are capable of producing severe illness with minimal structural injury. 8, 10, 11 Macrophages are an important target of dengue virus infection, 2, 12 which are known to produce various cytokines upon stimulation. 13, 14 In dengue virus infection, cytokines may be released either directly from virus-infected cells such as monocytes/macrophages or upon interactions of virus-infected cells with other immune cells such as activated T lymphocytes. 13, 14 The production of Interleukin 6 (IL-6), a cytokine of central importance can be induced by IL-1 and TNF, and other cytokines. IL-6 stimulates the synthesis of acute-phase proteins such as C-reactive protein (CRP) and secretory phospholipase A2 (sPLA2) type II by the liver. [15] [16] [17] [18] Increased plasma levels of IL-6 are present in most patients with various bacterial infections and are related to clinical outcome. [15] [16] [17] [18] There are only limited data on the importance of IL-6 in dengue-infected patients. [19] [20] [21] [22] [23] These data are somewhat conflicting. Some studies show a correlation between severity of illness and IL-6 levels, i.e., highest levels in DHF/DSS. [19] [20] [21] In one large prospective study, 22 IL-6 levels tended to be lower in patients in shock than those not in shock. Also there are discrepancies with respect to the proportion of patients showing elevated IL-6 levels. 19, 23 Therefore the potential role of this cytokine in the pathogenesis of severe forms of dengue fever remains unclear. In these previous studies, considering the fast clearance of IL-6 and delays in hospital admission, it is possible that significant IL-6 responses may have been missed. This study was designed to detect IL-6 and indirect parameters for IL-6 production: CRP and sPLA2 production are induced by IL-6 and last longer in serum than IL-6. [24] [25] [26] In one study CRP levels were measured in addition to IL-6 levels but their correlation was not assessed. 22 To our knowledge, type II sPLA2 has been measured only in one dengue study, in which elevated levels were present in 90% of these patients. No correlation with other mediators was mentioned. 27 In the present study we examined circulating levels of IL-6 as well as those of CRP and sPLA2 in children with den- gue virus infection. The main goal of the study was to analyze whether levels of these circulating inflammatory mediators on admission are related to the severity of illness and the occurrence of complications.
PATIENTS, MATERIALS, AND METHODS

Patients.
The children included in the study were admitted to the Department of Pediatrics of the Dr. Sardjito General Hospital in Yogyakarta, Indonesia, between September 1995 and May 1996. Entry criteria were fever lasting for 2-7 days and elevated IgM antibodies with or without detectable IgG antibodies against a dengue virus according to criteria described. 6 A clinical diagnosis of DF or DHF was assigned to the patients who fulfilled the WHO criteria before the results of serologic studies were known. The severity of illness was graded according to the WHO criteria for dengue hemorrhagic fever. 6 There were two control groups. Eleven patients with a bacterial infection (bacterial meningitis, sepsis, or typhoid fever) were positive controls. The diagnosis of these infections was based on clinical symptoms in combination with bacteriologic examination of blood or cerebrospinal fluid samples, or a positive Widal test, respectively. Apparently healthy children (n ϭ 33) in the outpatient department served as negative controls.
Clinical signs were recorded at the time of phlebotomy. All patients were treated with standard supportive therapy. The protocol was approved by the Medical Ethics Committee of the Faculty of Medicine, Gadjah Mada University, Dr. Sardjito Hospital and by the Medical Ethics Committee of the Academic Hospital Free University, Amsterdam, the Netherlands. Informed consent was obtained from the parent of each patient included in the study.
Blood sampling. Blood was obtained from each patient within 24 hr after admission and in some patients during subsequent days during hospital stay. Blood was collected in tubes that contained EDTA (10 mM/L, final concentration), soybean trypsin inhibitor (100 pg/ml) and benzamidine (10 mM) to prevent in vitro activation of plasma cascade systems. The tubes were centrifuged for 10 minutes at 1,300 g. Plasma was stored at Ϫ70ЊC and transported to Amsterdam on dry ice.
Laboratory investigations. IgM and IgG antibodies against dengue virus were measured by enzyme linked immunosorbent assay (ELISA). 28 Interleukin-6 (IL-6) was measured with an ELISA (Pelikine IL-6 assay, Dept Immune Reagents; CLB; Amsterdam, the Netherlands) according to the manufacturer's instructions. Levels exceeding 10 pg/ml were considered elevated. C-reactive protein was measured with an ELISA in which a monoclonal antibody against human CRP was the capture antibody and biotinylated purified polyclonal rabbit antibodies against human CRP were the detecting antibodies. 29 Results obtained from plasma samples were compared with those of a commercial CRP standard (Behringwerke AG, Marburg, Germany); a level exceeding 5 mg/L was considered to be elevated. sPLA2 was measured with an ELISA as described previously. 18 A level exceeding 5 ng/ml was considered elevated. 18 Plasma protein was measured with a microcapillary method: heparinized blood was centrifuged for 10 minutes at 1,300 g, and the supernatant was analyzed for protein content with a refractometer (Atago SPRN, Atago CO Ltd, Japan).
Data analysis. Differences between groups with respect to age were assessed by the analysis of variance test. Differences in levels of IL-6, CRP, and sPLA2 between cases and controls as well as between shock and normotensive patients were analyzed by the Wilcoxon-Mann-Whitney U Rank Sum test (WMU). Differences in the proportion of patients with elevated levels of IL-6, CRP, and sPLA2, and the distribution of gender between DF and DHF were analyzed by the Chi-square test. Comparisons of clinical and laboratory variables between groups with normal and those with elevated plasma IL-6, CRP, and sPLA2 were performed using the Chi-square test for proportional data and the Student's t-test for continuous data. A two-tailed P-value of less than 0.05 was considered to represent a significant difference. A significant number of patients had elevated levels of CRP and sPLA2. A Spearman's rank correlation coefficient was calculated for these variables. Since IL-6 levels were elevated in only a small proportion of patients, the WMU test was performed to test whether patients with elevated IL-6 levels had higher CRP or sPLA2 levels than patients with normal IL-6 levels. All statistical calculations were done using SPSS 6.0 program for Windows 95.
RESULTS
Patients.
Two hundred and thirty-five patients with fevers of 2-7 days duration were initially included in this study. Of these, 186 children were confirmed dengue cases. Fifty-three of these were IgM-positive and IgG-negative; 131 patients were IgM-positive and IgG-positive, and two patients were IgM-positive whereas IgG results are missing. Accordingly, 53 patients had a suspected primary infection, 131 patients had a suspected secondary infection, and two patients could not be classified. Seventy-one patients fulfilled the WHO criteria for dengue hemorrhagic fever (DHF): 22 cases had DHF1 (11.8%), 20 cases had DHF2 (10.7%), 18 cases had DHF3 (9.6%), and 11 cases had DHF4 (5.9%). Most of the patients (n ϭ 115) had dengue fever (DF) (61.8%). One patient in the DSS group died, all others survived. The median age (year) and the gender distribution in the various groups are presented in Table 1 . There was no statistically significant difference in age and gender distribution between those group (P ϭ 0.24, and P ϭ 0.21, respectively). The age and gender distribution in both control groups was in the same range as in the children with dengue virus infection.
IL-6 levels. Sufficient plasma was available for 185/186 patients for IL-6 and CRP measurement. Levels of IL-6 * P Ͻ 0.05 for levels of IL-6, CRP and sPLA2 in groups compared to healthy children, and P Ͼ 0.05 compared to bacterial infection. † P Ͻ 0.05 for proportion of elevated levels of IL-6, CRP and sPLA2 in groups compared to healthy children, and P Ͼ 0.05 compared to bacterial infection.
higher than 10 pg/ml were found in 13% of 185 samples obtained on admission from patients with dengue virus infection (Table 2, Figure 1 ). In the negative control group 3.3% had elevated levels of IL-6. In contrast, 54.5% of the patients with a bacterial infection had increased levels of IL-6. The more severe the DHF classification, the higher the percentage of patients with increased IL-6 levels ( Table 2 , Figure 1 ). The highest levels of IL-6 were found in patients with DHF4. IL-6 was measured the day after admission (Day 2) in 82 patients, and in 34 on Day 3, and were elevated in 13.4% and 14.7%, respectively. Peak levels of IL-6 were usually found on the day of admission and subsequently typically decreased. Levels of IL-6 in patients with shock (DHF3 and DHF4) were significantly higher than in healthy children, and were comparable with those in patients with bacterial infection (Table 2, Figure 1 ). The plasma levels of IL-6 were higher in the shock group (DHF3, DHF4) than in the normotensive group (DF, DHF1, DHF2); (P Ͻ 0.0001). Also within the DHF group IL-6 concentrations were higher in patients with shock (DHF3 ϩ DHF4) than in those without shock (DHF1 ϩ DHF2) (P Ͻ 0.05). However, although IL-6 levels were somewhat higher in the DHF patients than in the DF patients, this did not reach statistical significance. C-reactive protein levels. On admission, 32.4% of 185 patients with dengue virus infection had elevated levels of CRP. These levels were comparable with those of healthy children (Table 2, Figure 1 ). Levels of CRP in patients with bacterial infection were higher than those in patients with dengue virus infection except in DHF4 (Table 2, Figure 1) . The highest median level of CRP occurred in dengue patients with DHF2. Levels of CRP in patients with shock were similar to those of normotensive patients, but CRP concentrations were higher in the DHF patients than in patients with DF (P Ͻ 0.05).
Secretory phospholipase A2 levels. Levels of sPLA2 were elevated in 92.5% of all samples from patients with confirmed dengue virus infection on admission ( Table 2 , Figure 1) . In groups DHF2 and DHF4 all patients had elevated levels of sPLA2 (Table 2, Figure 1) . However, 42.4% of the healthy children also had elevated levels of sPLA2 (Table  2 ). Levels as well as the proportion of patients with elevated levels of sPLA2 were significantly higher in all dengue groups than in healthy children and were comparable to those in patients with bacterial infection ( Table 2 ). The highest median levels of sPLA2 occurred in patient group DHF4. Levels of sPLA2 in patients with shock were significantly higher than in normotensive patients (P ϭ 0.02). Also, patients with DHF had higher sPLA2 concentrations than those with DF (P Ͻ 0.05).
Relationships between IL-6 and CRP, sPLA2. We found higher levels of sPLA2 in patients with elevated IL-6 levels than in those with an IL-6 level of less than 10 pg/ml (P ϭ 0.04, WMU test). In contrast, there was no difference in CRP levels between patients with elevated and those with normal IL-6 concentrations. There was a positive correlation between levels of CRP and of sPLA2 (r ϭ 0.4, P Ͻ 0.01, Spearman's rank test).
Relationship between IL-6, C-reactive protein, and secretory phospholipase A2 levels with clinical and laboratory parameters. In patients with an elevated IL-6 concentration on admission a higher incidence of ascites and gastrointestinal bleeding was noted during the course of disease than in those with a normal level (P Ͻ 0.05). Also, the maximal body temperature and leukocyte count measured during the observation period were higher (P Ͻ 0.05) in patients with an increased IL-6 than in those with a normal concentration. Patients with an elevated CRP level on admission had an increased incidence of gastrointestinal bleeding during the course of their illness compared to those with normal CRP (P ϭ 0.02). However, no difference was found concerning other studied clinical and laboratory variables between patients with elevated and those with normal CRP concentrations. Also, the incidence of clinical abnormalities and mean values for maximal heart rate and body temperature as well as for laboratory variables were not different between patients with an elevated sPLA2 and those with a normal sPLA2 level on admission. However, almost all patients (92.5%) had sPLA2 levels considered abnormal in a normal Dutch adult population and nearly half (42.4%) of the presumed healthy children had elevated concentrations. Using another cut-off value (25 ng/ml) we found a statistically significant (P Ͻ 0.05) higher incidence of ascites, pleural effusion and gastrointestinal bleeding in patients with an elevated sPLA2 (n ϭ 105) using this definition. Also, maximal mean heart rate and body temperature, were higher (P Ͻ 0.05) and minimal platelet count and plasma protein concentration were lower (P Ͻ 0.05) in patients with an sPLA2 level Ն 25 ng/ml (data not shown).
Relationship of plasma levels of IL-6, C-reactive protein, and secretory phospholipase A2 and sequential infection. In patients with a suspected primary infection (n ϭ 53) 19.6% had elevated levels of IL-6 on admission. This FIGURE 1. Levels on admission of IL-6, CRP, and sPLA2 in children with dengue virus infection and in control groups. DF ϭ dengue fever; DHF ϭ dengue hemorrhagic fever; n-shock ϭ normotensive DHF (DHF1ϩDHF2); shock: DHF with shock (DHF3ϩDHF4); CϪ: negative control; Cϩ: positive control; line indicates median.
was the case in 10.8% of patients with suspected secondary infection (n ϭ 131) and no statistically significant difference was found in plasma IL-6 levels between children with primary or secondary dengue virus infection. Thirty-five percent of patients with primary infection and 32% of those with secondary infection had increased CRP concentrations on admission. Proportions of increased sPLA2 were similar in patients with primary infection (88.5%) and those with secondary infection (94%). Levels of sPLA2 and CRP were similar in both groups.
DISCUSSION
The main goal of this study was to determine whether circulating levels of IL-6 and the IL-6 induced mediators CRP and sPLA2 were associated with the severity of illness and the incidence of complications in dengue virus-infected children. Such knowledge may provide insight into the pathogenetic role of IL-6, since the CRP and sPLA2 are present in blood longer than IL-6. [24] [25] [26] In dengue patients, 13% had an elevated IL-6 level on admission, 32.4% elevated CRP levels, and 92.5% elevated sPLA2 levels. IL-6 levels were highest on admission and subsequently declined. IL-6 levels on admission were significantly higher in patients with DSS than in normotensive patients, indicating that IL-6 reflected severity of illness. These findings are consistent with previous results from a study of DHF, where the highest levels of IL-6 were observed in patients with shock. 19 In contrast, another study in 226 children with DHF showed that those with shock tended to have lower levels of IL-6 than normotensive children. After correction for albumin levels as a marker of capillary leakage, no significant correlation between levels of IL-6 and disease severity was found. 22 The maximal level of IL-6 in our study was less than 110 pg/ml. Similar IL-6 levels have been reported in another study in DHF. 19 In comparison with sepsis, the IL-6 levels we found in dengue patients are considerably lower. 15 In addition, in sepsis, by far the majority of patients exhibit elevated IL-6 concentrations. 15 Since only 13% of our dengue patients had only moderately elevated IL-6 levels, it seems that the IL-6 response is relatively mild in the dengue patients reported here. In patients with sepsis the highest concentrations of IL-6 occur at the time of diagnosis and decrease thereafter, independently of outcome. 15, 16 Thus, the relatively low levels of IL-6 in our patients may be related to the fact that most patients were not hospitalized before the third day of the disease.
The most important primary targets of dengue virus infection are monocytes. 2, 12 Infected monocytes may stimulate the production of mediators such as cytokines including IL-6. IL-6 exerts multiple effects on different types of target cells, but its major biological activities include induction of acute phase proteins, induction of terminal differentiation of B cells and activation of T cells. 30 Among the IL-6-induced acute phase proteins are CRP and sPLA2. [30] [31] [32] We found, however, no difference in CRP concentrations between patients with increased IL-6 and those with normal IL-6 levels, whereas levels of sPLA2 were higher in the former than in the latter group. It is possible that the generation of IL-6 was not abundant enough to generate high levels of CRP, which were elevated in only about one-third of the dengue patients and not different between DSS and non-shock patients. sPLA concentrations were increased in the majority of dengue patients. Also in other studies elevated levels of sPLA2 have been found in 90% of dengue-infected patients. 27 DSS patients had higher sPLA2 levels than dengue patients without circulatory failure. This finding suggests that sPLA2 levels reflect, to some extent, severity of illness. Patients with septic shock have higher circulating sPLA2 concentrations than normotensive septic patients. 33 Although the sPLA2 levels in our dengue patients were moderately increased compared to those found in septic shock patients, 34 our findings may indicate, similar to sepsis, that this mediator could be involved in the pathogenesis of circulatory failure in dengue. Interpretation of the sPLA2 data is, however, confounded by the finding that in almost half of the apparently healthy Indonesian children, elevated sPLA2 levels were present. In addition, other mediators such as interferon-gamma (IFN-␥) are involved in the induction of sPLA2 synthesis. 18 High levels of IFN-␥ have been reported in patients with DHF. 35 Since 10 out of 33 apparently healthy children had an increased CRP level, it seems likely that this group of children could have chronic immune stimulation, such as parasite infestations which are very common in the area where the study was performed. This speculation could also account for higher sPLA2 levels.
Individuals who have a second dengue infection with a different serotype are at significant risk for developing DHF or DSS. 1, [36] [37] [38] [39] However, some patients with primary dengue infection develop DHF or DSS. 40, 41 A minority (9%) of our patients with DHF or DSS had primary dengue. There were no statistically significant differences in plasma levels of IL-6, CRP, or sPLA2 between patients with a first or subsequent dengue infection. Rather, shock occurred in both groups (although more frequently in patients with a second dengue infection) and the highest levels of those mediators were found in patients with shock. These data suggest that sequential infection by itself has no effect on the levels of IL6, of CRP, and of sPLA2 in dengue virus infection.
An important issue is the mechanism by which these mediators could potentially cause tissue injury. IL-6 has both anti-and pro-inflammatory properties, including the induction of CRP and sPLA2 synthesis which both are involved in the pathogenesis of sepsis. 30 There is experimental evidence that IL-6 is a factor in the activation of coagulation in endotoxemia. 42 It remains speculative whether IL-6 could be involved in the coagulation abnormalities that occur in DHF. In this study, patients with elevated IL-6 concentrations had a significantly higher incidence of ascites. Since plasma leakage is an important pathogenetic mechanism in the development of shock, this observation is consistent with the hypothesis that IL-6 contributes to circulatory failure in dengue. Because hospital admissions are often delayed, the highest IL-6 levels may have been missed. IL-6, most likely exerts pro-inflammatory effects by induction of mediators such as sPLA2. Phospholipase A2 plays a role in phospholipid digestion, host defense, and signal transduction. 43, 44 High circulating levels of sPLA2 have been found in patients with various inflammatory states such as acute respiratory distress syndrome, septic shock, experimental endotoxemia, and multiple organ failure. [45] [46] [47] [48] High levels of sPLA2 can induce lung injury, 49 and promote platelet-activating factor or eicosanoid production that mediate tissue injury, [48] [49] [50] and could contribute to circulatory failure in septic shock. 34 Recently, it has been shown that sPLA2 is involved in the production of pro-inflammatory cytokines and nitric oxide. 51 Patients with the highest sPLA2 levels had a higher incidence of ascites and pleural effusion and lower plasma protein concentrations than patients with lower sPLA2 levels. Although our findings only represent associations, they are consistent with the hypothesis that sPLA2 could be involved in the pathogenesis of plasma leakage.
The findings in this study indicate that the highest levels of IL-6 and sPLA2 are found in DSS patients. In patients with elevated IL-6 levels the incidence of ascites was increased. In patients with the highest sPLA2 levels, the incidence of both pleural effusion and ascites was increased, both of which are markers of plasma leakage. Circulating levels of both IL-6 and sPLA2 are correlated with severity of illness and the occurrence of complications, and suggest that IL-6 and sPLA2 are involved in the pathogenesis of severe dengue. 
